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10 WELOCITY COMMAND 
GENERATING PART 

A servo controller, capable of controlling the motion of a 
movable body with high accuracy, without depending on the 
position of the movable body which is moved on a ball screw. 
The servo controller has a position command generating part 
which generates a position command value; a Velocity com 
mand generating part which generates a Velocity command 
value based on the position command value and a position 
detection value; a torque command generating part which 
generates a torque command value based on the Velocity 
command value and a Velocity detection value; and a position 
compensation calculating part which calculates an amount of 
expansion/contraction of the ball screw based on a distance 
from the servomotor to a nut threadably engaged with the ball 
screw and the torque command value, and calculates a posi 
tion compensation based on the amount of expansion/con 
traction. 
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SERVO CONTROLLER HAVING FUNCTION 
FOR CORRECTING AMOUNT OF 

EXPANSONACONTRACTION OF BALL 
SCREW 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a servo controller, 
and in particular, relates to a servo controller for controlling a 
feed axis which converts rotational motion of a servomotor 
into linear motion by using a ball screw. 
0003 2. Description of the Related Art 
0004 Generally, in a feed axis using a ball screw, when a 
moving direction of a movable body attached to the feed axis 
is reversed, delays occur in the reverse motion due to backlash 
(or mechanical clearance) and friction. The delay due to the 
backlash can be corrected by applying a position compensa 
tion corresponding to an amount of the backlash to a position 
command Vale, and the delay due to the friction can be cor 
rected by applying an amount of Velocity correction for com 
pensating the delay due to the friction to a Velocity command 
value. In this regard, these compensations may be varied 
corresponding to a reverse direction (from a forward (plus) 
direction to a backward (minus) direction, or Vice-versa). 
0005 Factors in decreasing the precision of the feed axis 
using the ball screw include expansion/contraction in the 
axial direction of the ball screw, as well as the above backlash. 
In order to carry out the correction in view of this matter, a 
technique for utilizing torque has been proposed. For 
example, Japanese Unexamined Patent Publication (Kokai) 
No. 2000-172341 describes that “in a control system for 
controlling torque generated by an electric motor by carrying 
out feedback control or feed forward control, based on a posi 
tion command value which is output from a position com 
mand generating part, the torque generated by the motor or a 
signal corresponding to the torque is added to a position 
command value after multiplied by a predetermined constant 
value. Therefore, by a simple process for multiplying the 
torque by the constant value, the position command for the 
electric motor may be corrected by an amount of expansion/ 
contraction of a spring corresponding to the rigidity of a 
machine by means of the torque generated by the motor.” 
0006 Japanese Unexamined Patent Publication (Kokai) 
No. 2004-187432 describes that “corresponding to an amount 
of torsion or expansion/contraction of a shaft estimated by a 
load model, a position command value is corrected so as to 
reduce the amount of torsion or expansion/contraction of the 
shaft. 
0007 Further, Japanese Unexamined Patent Publication 
(Kokai) No. 2003-58213 describes that “in first to eighth 
embodiments, a spring constant (rigidity) is set to a constant 
value KO at load correction part 9. However, when the spring 
constant varies depending on position 01 of load 1, a numeric 
controller may be configured wherein load correction part 9 
calculates load torque correction value 27 while the spring 
constant is variable.” 
0008. The ball screw expands or contracts in the axial 
direction thereof by reactive force from a movable body, such 
as a nut, which is threadably engaged with the ball screw. 
When the positional accuracy of the movable body is required 
to be high, it is necessary to take the amount of expansion/ 
contraction of the ball screw into consideration. However, 
since this amount of expansion/contraction varies corre 
sponding to the distance from a servomotor to the movable 
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body, the positional accuracy may be lowered depending on 
the position where the movable body is accelerated or decel 
erated (in particular, where the moving direction of the mov 
able body is reversed). For example, when the position com 
pensation value is calculated by using the position where is 
relatively near the servomotor as a reference position, control 
with high accuracy can be carried out in the vicinity of the 
reference position, whereas the accuracy of the control is 
lowered at a position where is relatively away from the ser 
Vomotor. To the contrary, when the position compensation 
value is calculated by using the position where is relatively 
away from the servomotor as a reference position, control 
with high accuracy can be carried out in the vicinity of the 
reference position, whereas the accuracy of the control is 
lowered at a position that is relatively near the servomotor. 
0009 Japanese Unexamined Patent Publication (Kokai) 
No. 2000-172341 suggests that, when the position command 
is corrected by the amount of expansion/contraction of the 
spring corresponding to the rigidity of the machine, the torque 
multiplied by a constant is added to the position command. 
However, this technique is not intended to carry out the cor 
rection in view of the position of the movable body on the ball 
screw. Also, in Japanese Unexamined Patent Publication (Ko 
kai) No. 2004-187432, the position value is estimated by 
inputting a position detection value and a Velocity detection 
value into the load model. However, the torque is not taken 
into consideration when calculating the estimated position 
value. 
(0010 Further, in Japanese Unexamined Patent Publica 
tion (Kokai) No. 2003-58213, in view of the case wherein the 
spring constant varies depending on the position of the load, 
the load torque is calculated by using the spring constant as a 
variable value. However, it is not described that a proper 
position compensation value is calculated corresponding to 
the position of the load and the calculated value is used for 
feedback control. 

SUMMARY OF THE INVENTION 

0011. An object of the present invention is to provide a 
servo controller, capable of controlling the motion of a mov 
able body with high accuracy, without depending on the posi 
tion of the movable body which is moved on a ball screw. 
0012. The present invention provides a servo controller for 
controlling a feed axis of a machine tool by using a servomo 
tor connected to a ball screw, the servo controller comprising: 
a position command generating part which generates a posi 
tion command value for the feed axis; a position detecting 
part which detects an angular position of the servomotor; a 
Velocity command generating part which generates a Velocity 
command value for the servomotor based on the position 
command value generated by the position command gener 
ating part and a position detection value detected by the 
position detecting part; a Velocity detecting part which 
detects a Velocity of the servomotor, a torque command gen 
erating part which generates a torque command value for the 
servomotor based on the Velocity command value generated 
by the Velocity command generating part and a Velocity 
detection value detected by the velocity detecting part; and a 
position compensation calculating part which calculates a 
position compensation for a movable body threadably 
engaged with the ball screw, wherein the position compensa 
tion calculating part calculates an amount of expansion/con 
traction of the ball screw based on a distance from the servo 
motor to the movable body and the torque command value 
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generated by the torque command generating part, and cal 
culates the position compensation based on the calculated 
amount of expansion/contraction of the ball screw. 
0013. In a preferred embodiment, the servo controller fur 
ther comprises a distance calculating part which calculates 
the distance from the servomotor to the movable body thread 
ably engaged with the ball screw, by using an angular position 
of the servomotor. In addition, the distance calculating part 
may calculate the distance from the servomotor to the mov 
able body threadably engaged with the ball screw as a dis 
tance from a fixed portion of the ball screw at a servomotor 
side to the movable body threadably engaged with the ball 
SCCW. 

0014. In a preferred embodiment, the distance calculating 
part utilizes a parameter which is previously determined 
based on a dimension of each component so as to represent a 
relationship between the distance from the movable body to 
the servomotor and a rotational angular position of the ball 
screw, and calculates the distance from the movable body to 
the servomotor in real-time at the angular position of the 
servomotor detected by the position detecting part. As the 
parameter previously determined based on the dimension of 
each component, a diameter, a cross-sectional area or a 
Young's modulus of the ball screw may be used. 
0015. In a preferred embodiment, the position compensa 
tion calculating part calculates the position compensation by 
multiplying the distance from the servomotor to the movable 
body by the torque command value so as to obtain a product, 
and by further multiplying the product by a first coefficient 
relating to the ball screw. 
0016. In a preferred embodiment, the position compensa 
tion calculating part calculates the position compensation by 
multiplying the distance from the servomotor to the movable 
body by a first coefficient relating to the ball screw so as to 
obtain a product, by adding a second coefficient relating to a 
coupling for coupling the servomotor and the ball screw to the 
product so as to obtain a Summation, and by further multiply 
ing the Summation by the torque command value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The above and other objects, features and advan 
tages of the present invention will be made more apparent by 
the following description of the preferred embodiments 
thereof with reference to the accompanying drawings 
wherein: 
0018 FIG. 1 shows a schematic configuration of a servo 
controller according to the present invention, with a feed axis 
driven by a servomotor; 
0019 FIG. 2 is a flowchart showing an example of the 
procedure in the servo controller; 
0020 FIG.3 is a graph showing an example of a trajectory 
of a movable body when the present invention and backlash 
correction are not applied; 
0021 FIG. 4 is a graph showing an example of a trajectory 
of the movable body when the present invention is not applied 
but the backlash correction is applied: 
0022 FIG. 5 is a graph showing an example of a trajectory 
of the movable body when the present invention and backlash 
correction are applied; 
0023 FIG. 6 shows a state wherein a nut is positioned at a 
position which is relatively close to the servomotor; 
0024 FIG. 7 shows a state wherein a nut is positioned at a 
position which is relatively away from the servomotor; and 
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0025 FIG. 8 shows an example wherein two buts are con 
nected to a table. 

DETAILED DESCRIPTION 

0026 FIG. 1 shows a schematic configuration of a servo 
controller according to the present invention. Servo controller 
10 is a controller for controlling a servomotor 14 connected to 
a ball screw 12 so as to control a feed axis or a feed shaft of a 
machine tool. In the illustrated embodiment, ball screw 12 is 
coupled to servomotor 14 via a coupling 16. Due to rotational 
driving of servomotor 14, a movable body, such as a nut 18, 
which is threadably engaged with ball screw 12, is moved on 
ball screw 12 in an axial direction thereof. A table 20 is 
connected to nut 18. A rotational angular position and a 
rotational velocity of servomotor 14 can be detected by means 
of a position/velocity detector Such as an encoder 22 associ 
ated with servomotor 14. The detected position and velocity 
may be utilized as a position feedback value and a Velocity 
feedback value, respectively. 
0027 Servo controller 10 has a position command gener 
ating part 24 which generates a position command value for 
servomotor 14 according to a program or command input 
from a higher-level controller or external input device (not 
shown); a Velocity command generating part 26 which gen 
erates a Velocity command value for servomotor 14 based on 
the position command value generated by position command 
generating part 24 and a position detection value (or a posi 
tion feedback value) detected by encoder 22; a torque com 
mand generating part 28 which generates a torque command 
value for servomotor 14 based on the velocity command value 
generated by Velocity command generating part 26 and a 
velocity detection value (or a velocity feedback value) 
detected by encoder 22; and a position compensation calcu 
lating part 32 which calculates an amount of expansion/con 
traction of ball screw 12 based on a distance L from servo 
motor 14 to nut 18 threadably engaged with ball screw 12 and 
the torque command value generated by torque command 
generating part 28, and calculates a position compensation for 
nut 18 based on the amount of expansion/contraction of the 
ball screw. Further, servo controller 10 may have a distance 
calculating part 30 which calculates distance L from servo 
motor 14 to nut 18 on ball screw 12, by using the position of 
servomotor 14. 

0028 Position compensation calculating part 32 calcu 
lates the amount of expansion/contraction of ball screw 12 
based on distance L from servomotor 14 to nut 18 calculated 
by distance calculating part 30 and the torque command value 
generated by torque command generating part 28, and calcu 
lates the position compensation based on the calculated 
amount of expansion/contraction of ball screw 12. Hereinaf 
ter, the detail of which is explained. 
0029 FIG. 2 is a flowchart showing an example of the 
procedure for correcting the command for servomotor 14 by 
using servo controller 10. First, in step S1, position command 
generating part 24 as described above generates the position 
command value for the feed axis. Next, in step S2, the posi 
tion feedback value of servomotor 14 is detected by the posi 
tion detecting part such as encoder 22. Then, in step S3. 
Velocity command generating part 26 as described above 
generates the Velocity command value for servomotor 14 
based on the position command value generated by position 
command generating part 24 and the position feedback value 
detected by encoder 22. 
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0030. In the next step S4, the velocity feedback value is 
detected by using the Velocity detecting part such as encoder 
22. Then, in step S5, torque command generating part 28 as 
described above generates the torque command value for 
servomotor 14 based on the Velocity command value gener 
ated by Velocity command generating part 26 and the Velocity 
feedback value detected by encoder 22. 
0031. In the next step S6, distance calculating part 30 as 
described above calculates the distance from servomotor 14 
to nut 18. For example, distance L at the rotational angular 
position of servomotor 14 detected by encoder 22 can be 
calculated in real-time, by utilizing a parameter (for example, 
a diameter, a cross-sectional area oraYoung's modulus ofball 
screw 12) which is previously determined based on a dimen 
sion of each component (for example, coupling 16, ball screw 
12 and nut 18) so as to represent a relationship between 
distance L (FIG. 1) from (a representative point of) nut 18 on 
ball screw 12 to (a representative point of) servomotor 14 and 
the rotational angular position of servomotor 14 (or the rota 
tional angular position of ball screw 12). Otherwise, distance 
calculating part 30 may calculate a distance from a fixed 
portion of ball screw 12 on the servomotor side to nut 18, 
instead of the distance from servomotor to nut 18. 

0032. Next, in step S7, the amount of expansion/contrac 
tion of ball screw 12 in the axial direction thereof is calcu 
lated, based on distance L calculated in step S6 and the torque 
command value generated by torque command generating 
part 28. If necessary, an error of positioning for nut 18 may be 
calculated, which is generated via ball screw 12 due to the 
torsion of coupling 16 in the rotational direction. Hereinafter, 
the detail of which is explained. 
0033. When nut 18 connected to table 20 is moved on ball 
screw 12 by the rotational torque of servomotor 14, compres 
sive or tensile force due to reactive force from nut 18 is 
applied to a portion ofball screw 12, and the portion of which 
corresponds to distance L from servomotor 14 (or coupling 
16) to nut 18. Then, when aYoung's modulus of the portion of 
ball screw 12 corresponding to distance L is equal to “E. 
following equation (1) is true. In equation (1), a character"k' 
means a spring constant of the portion of ball Screw 12 cor 
responding to distance L, and a character “S” means a radial 
cross-sectional area of ball screw 12. 

k=ES/L (1) 

0034. The relationship between rotational torque T of ser 
Vomotor 14 and amount of expansion/contraction e1 of ball 
screw 12 can be calculated by following equation (2). In 
equation (2), C.1 and C.1' are first coefficient regarding ball 
screw 12, concretely, may be determined by Young's modulus 
and the radial cross-sectional area of ball screw 12. Other 
wise, C.1 and C. 1" may be determined experimentally. 

0035. On the other hand, when the rotational torque is 
applied to coupling 16, coupling 16 is twisted in the rotational 
direction. Therefore, ball screw 12 is not positioned at a 
desired rotational angular position, whereby a positioning 
error of nut 18 may occur. Generally, an amount of torsion of 
coupling 16 in the rotational direction is proportional to the 
rotational torque of servomotor 14. Therefore, a positioning 
error e2 of nut 18, generated by the torsion of coupling 16 in 
the rotational direction via ball screw 12, is represented by 
following equation (3). In equation (3), C.2 means a second 
efficient regarding coupling 16, concretely, may be deter 
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mined material and dimension of coupling 16. Otherwise, C2 
may be determined experimentally. 

0036. Accordingly, an amount of axial errore due to the 
rotational torque can be represented by following equation 
(4), also in view of the amount of positioning error generated 
by the torsion of coupling 16 in the rotational direction via 
ball screw 12. In other words, e can be determined as a 
function of distance L and torque T. 

0037 Finally, in step S8, a position compensation for nut 
18 based on an amount of expansion/contraction e1 or amount 
of errore calculated in step S7, and then, the position com 
mand value generated by position command generating part 
24 is corrected by using the position compensation (see FIG. 
1). The procedure of Steps S1 to S8 is repeated at predeter 
mined control intervals, until a predetermined motion of the 
feed axis is completed. 
0038. As explained above, in the present invention, the 
amount of expansion/contraction of ball screw 12 (further, if 
necessary, the amount of positioning error generated by the 
torsion of coupling 16 in the rotational direction via ball 
screw 12) is (are) calculated based on the torque and distance 
L from servomotor 14 to nut 18, and the amount of expansion/ 
contraction is used as the position compensation. Therefore, 
at any position of nut 18 on ball screw 12 (in particular, even 
when nut 18 is positioned at a position where is relatively 
away from servomotor 14), an appropriate position compen 
sation may be obtained in real-time, whereby the positional 
accuracy of table 20 may be improved. 
0039 FIGS. 3 to 5 show examples wherein a movable 
body such as a table is controlled so as to move along a 
circular trajectory by means of two axes (X and Y axes) 
orthogonal to each other. Although horizontal and vertical 
axes (X and Y axes) are represented by arbitrary unit in each 
of FIGS.3 to 5, the displayed trajectory is enlarged in an error 
direction (or a radial direction) for clarity. 
0040 FIG.3 shows a trajectory, as a comparative example, 
wherein the movable body is moved when the present inven 
tion and backlash correction are not applied. In this case, at a 
point (four points in this case) where the moving direction of 
each axis is reversed, there exists a relatively large step (i.e., 
an error relative to an ideal circular trajectory) between before 
and after the reverse point. 
0041 FIG. 4 shows a trajectory, as a comparative example, 
wherein the movable body is moved when the present inven 
tion is not applied but the backlash correction is applied. In 
this case, the dimension of the step between before and after 
the reverse point is smaller than that of FIG. 3. However, the 
dimension of the step of FIG. 4 is not still preferable. Further, 
as described below, the step wherein the nut (or the movable 
body) is away from the servomotor is larger than the step 
wherein the nut is relatively close to the servomotor. 
0042 Sections A and B of FIG. 4 represent the reverse 
point of the X-axis. In detail, section A represents the reverse 
of the X-axis at the point where nut 18 is relatively close to 
servomotor 14 as shown in FIG. 6, and section B represents 
the reverse of the X-axis at the point where nut 18 is relatively 
away from servomotor 14 as shown in FIG. 7. In FIG. 4, the 
step of section B is larger than the step of section A (gl<g2). 
In other words, the correction is more insufficient when the 
nut is reversed at the point where is relatively away from the 
ServOmotor. 
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0043. Similarly, sections C and D of FIG. 4 represent the 
reverse point of the Y-axis. In detail, section C represents the 
reverse of the Y-axis at the point where nut 18 is relatively 
close to servomotor 14 as shown in 
0044 FIG. 6, and section D represents the reverse of the 
Y-axis at the point where nut 18 is relatively away from 
servomotor 14 as shown in FIG. 7. In FIG. 4, the step of 
section D is larger than the step of section C (g3<g4). In other 
words, the correction is more insufficient when the nut is 
reversed at the point where is relatively away from the servo 
motor. 

004.5 FIG.5 shows a trajectory wherein the movable body 
is moved when both the present invention and the backlash 
correction are applied. Apparent from FIG. 5, the step at each 
reverse point is substantially eliminated. In other words, an 
appropriate positional correction is carried out at any position 
of the nut on the ball screw. In addition, although the trajec 
tory of FIG. 5 includes a protruding portion due to the back 
lash, this portion can be eliminated by another technique. 
0046. As shown in FIG. 8, depending on the type of a 
machine tool, two or more nuts 18a and 18b may be con 
nected to one movable body (or a table). In such a case, it is 
preferable that the correction and the feedback control be 
carried out based on the position of the nut which is closest to 
servomotor 14 (in FIG. 8, nut 18a). This is because the expan 
sion/contraction of the ball screw between the nuts can be 
ignored in view of the rigidity of the table. 
0047. In addition, depending on a machine tool of the 
other type, a member corresponding to nut 18 may be fixed to 
a fixed position. In Such a case, the servomotor is moved 
relative to the nut along with the ball screw. Therefore, the 
above embodiment may be applicable to this case, since the 
portion corresponding to the distance between the servomo 
tor and the nut is expanded or contracted also in this case. 
Therefore, the present invention can be similarly applied to 
this case. 
0048. According to the present invention, the error or the 
decrease of precision, due to the expansion/contraction of the 
ball screw generated by the force applied to the ball screw 
when the movable body is accelerated or decelerated (or 
reversed), is calculated based on the torque of the servomotor 
and the distance between the servomotor and the movable 
body. Therefore, the appropriate position compensation may 
be obtained, corresponding to the position of the movable 
body, whereby the movable body can be controlled with high 
accuracy. 

0049. The distance between the servomotor and the mov 
able body can be easily calculated based on the rotational 
angular position of the servomotor or the ball screw. 
0050. The position compensation can be easily calculated 
based on the distance from the servomotor to the movable 
body and the torque command value. 
0051. When the ball screw is coupled to the servomotor 
via the coupling, the more accurate position compensation 
may be calculated, in view of the positional error of the nut 
due to the torsion of the coupling in the rotational direction 
via the ball screw. 
0052 While the invention has been described with refer 
ence to specific embodiments chosen for the purpose of illus 
tration, it should be apparent that numerous modifications 
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could be made thereto, by one skilled in the art, without 
departing from the basic concept and Scope of the invention. 

1. A servo controller for controlling a feed axis of a 
machine tool by using a servomotor connected to a ball screw, 
the servo controller comprising: 

a position command generating part which generates a 
position command value for the feed axis; 

a position detecting part which detects an angular position 
of the servomotor; 

a Velocity command generating part which generates a 
velocity command value for the servomotor based on the 
position command value generated by the position com 
mand generating part and a position detection value 
detected by the position detecting part; 

a velocity detecting part which detects a velocity of the 
Servomotor, 

a torque command generating part which generates a 
torque command value for the servomotor based on the 
Velocity command value generated by the Velocity com 
mand generating part and a Velocity detection value 
detected by the velocity detecting part; and 

a position compensation calculating part which calculates 
a position compensation for a movable body threadably 
engaged with the ball screw, 

wherein the position compensation calculating part calcu 
lates an amount of expansion/contraction of the ball 
screw based on a distance from the servomotor to the 
movable body and the torque command value generated 
by the torque command generating part, and calculates 
the position compensation based on the calculated 
amount of expansion/contraction of the ball screw. 

2. The servo controller as set forth in claim 1, further 
comprising a distance calculating part which calculates the 
distance from the servomotor to the movable body threadably 
engaged with the ball Screw, by using an angular position of 
the servomotor. 

3. The servo controller as set forth in claim 2, wherein the 
distance calculating part utilizes a parameter which is previ 
ously determined based on a dimension of each component so 
as to represent a relationship between the distance from the 
movable body to the servomotor and a rotational angular 
position of the ball screw, and calculates the distance from the 
movable body to the servomotor in real-time at the angular 
position of the servomotor detected by the position detecting 
part. 

4. The servo controller as set forth in claim 1, wherein the 
position compensation calculating part calculates the posi 
tion compensation by multiplying the distance from the Ser 
vomotor to the movable body by the torque command value 
So as to obtain a product, and by further multiplying the 
product by a first coefficient relating to the ball screw. 

5. The servo controller as set forth in claim 1, wherein the 
position compensation calculating part calculates the posi 
tion compensation by multiplying the distance from the Ser 
vomotor to the movable body by a first coefficient relating to 
the ball screw So as to obtain a product, by adding a second 
coefficient relating to a coupling for coupling the servomotor 
and the ball screw to the product so as to obtain a Summation, 
and by further multiplying the Summation by the torque com 
mand value. 


